Mammalian mitochondrial translation system requires two serine isoacceptor tRNAs, tRNASerGCU and tRNA Se
'UGA, which correspond to codons AGY (Y=U or C) and UCN (N=A, G, C or U), respectively. Each tRNA has unusual secondary structure; tRNA Ser GCU lacks the entire D arm, while tRNA Ser UGA has a slightly varied cloverleaf structure with an extended anticodon stem. The translation activity of these tRNAs Ser was examined by using their transcripts produced by T7 RNA polymerase and an in vitro mitochondrial translation system, showing that tRNA Ser GCU has much lower translation ability than that of tRNASerUGA. HPLC analysis of the product suggested that a certain rate limiting step should exist in the elongation cycle of translation with tRNA Ser GCU.
INTRODUCTION
Why do most of tRNAs have a highly conserved cloverleaf structure? To address this question, we believe it would be the best way to perform the functional analysis of mitochondrial (mt) tRNAs with unusual secondary structures, such as mammalian mt tRNA Ser GCU lacking the D arm or nematode mt tRNAs lacking the T arm. Structural studies on these tRNAs have suggested that they can potentially form Lrshape structure, in spite of lacking the D or T arm, to keep the same distance between anticodon and CCA terminus attached by amino acid on the ribosome (1,2). We previously noted that AGY codons are utilized less preferably than UCN codons in mammalian mt genes, in particular, no tandem repeated AGY-AGY sequence exist (3) . Since the D arm lengths of tRNA Ser GCU appear to be gradually shortened from lower invertebrates to higher vertebrates on the phylogenetic tree of animals concomitantly with decrease in the AGY codon usage, we have been guided to test the translation ability of tRNA Ser GCU lacking the D arm by using an in vitro mt translation system.
RESULTS AND DISCUSSION
Transfer RNA analogs of mt tRNASerGCU and tRNASe^UGA were designed as shown in Fig. 1 . Anticodon sequence of each tRNA was changed to GAA so as to decode the UUU codon, aiming to uniform the decoding efficiency between these tRNAs. Because poly(serine) precipitation by trichloroacetic acid is difficult, the identity element for alanylation by E. coli alanyHRNA synthetase, G3-U70, was introduced into both tRNAs (5) so that they can synthesize poly(alanine). GCU  and  tRNA Ser UGA, on which some mutated residues are shown in boxes. Residues are numbered in accordance with the proposed numbering rule (4) All the other base pairs in the acceptor stem of both tRNAs were replaced by G-C pairs to increase the in vitro transcription efficiency by T7 RNA polymerase. The aminoacylation efficiency of tRNA^GCU and tRNA Ser UGA analogs by E. coli alanyl-tRNA synthetase was ~10% and 50% respectively. Since preliminary experiments indicated that excess amount of deacylated tRNA inhibits the elongation on the ribosome, deacylated tRNA was removed by a hydrazine coupled column (6), which resulted in aminoacyl-tRNA with the yield of 60-80% in both cases.
The poly(U)-directed poly(alanine) synthesis was performed by an in vitro translation system composed of mt ribosomes, mt EF-Tu, mt EF-G and the above-mentioned aminoacyl-tRNA analogs. It was revealed that tRNA Ser GCU analog had much lower translation ability than that of tRNA Ser UGA analog. HPLC analysis of translation product showed that the chain length of the poly(alanine) produced by tRNA Ser GCU analog were shorter than that produced by tRNA Ser UGA analog, suggesting that there exists a certain rate limiting step in the elongation cycle of the translation with tRNA Ser GCU analog. In order to elucidate the detailed mechanism of the inefficient elongation by tRNA Ser GCU lacking the D arm, we examined the affinity of the ternary complex(TC) formation between aminoacyl-tRNA and EF-Tu/GTP by using a gel shift assay. The association constant of the TC formation with tRNA Ser GCU analog was estimated to be about a half of that of tRNA Ser UGA analog. This might be one of the reasons why tRNA Ser GCU analog has much lower translation ability. Further investigation is now under way.
